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EXECUTIVE  SUMMARY 

The  water  surface  elevations  of  the  Devils  Lake  chain,  of  lakes  have 
been  rising  over  the  past  several  decades.  Several  alternatives  are  being 
considered  to  alleviate  the  rising  lake  levels  which  are  approaching  levels 
where  potential  for  significant  damage  to  adjacent  property  exists.  A 
connecting  channel  approximately  10  miles  long  from  East  Devils  Lake  to 
West  Stump  Lake,  which  is  an  important  segment  of  several  different 
alternatives  for  an  outlet  channel  for  the  Devils  Lake  chain  of  lakes,  is 
the  subject  of  this  report. 

Preliminary  designs  for  thirteen  alternative  connecting  channel 
cases  have  been  developed.  The  preliminary  designs  are  the  basis  for  the 
generation  of  cost  estimates  for  each  of  the  thirteen  cases.  The  cost 
estimates  include  all  capital  cost3  for  construction  of  the  connecting 
channel,  except  that  easement  and  right-of-way  acquisition  costs  are  not 
included.  The  design  conditions  and  the  estimated  capital  cost  for  the 
thirteen  alternative  connecting  channel  cases  are  summarised  in  the 
following  table. 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO  WEST  STUMP  LAKE 
SUMMARY  OF  DESIGN  CONDITIONS  AND  ESTIMATED  CAPITAL  COST 


Water  Surface  Elevations  (ft.) 


Design 

Channel 

Pump 

East 

Capacity 

Station 

Devils 

Case 

(cfs) 

Required 

Lake 

1A 

200 

No 

1430 

13 

600 

No 

1430 

1C 

1,000 

No 

1430 

2G 

200 

No 

1435 

2P 

200 

Yes 

1430 

3A 

200 

Yes 

1430 

3B 

600 

Yes 

1430 

3C 

1,000 

Yes 

1430 

4L 

200 

Yes 

1430 

4H 

200 

Yes 

1435 

5A 

200 

Yes 

1430 

5B 

600 

Yes 

1430 

5C 

1,000 

Yes 

1430 

Upstream 

West 

Estimated 

End  of 

Stump 

Capital 

Channe 1 

Lake 

Cost* 

1430 

1410-1425 

?  5,360,000 

1430 

1410-1425 

3,400,000 

1430 

1410-1425 

11,200,000 

1435 

1410-1425 

3,920,000 

1435 

1410-1425 

5,890,000 

1440 

1410-1425 

4,540,000 

1440 

1410-1425 

9,980,000 

1440 

1410-1425 

14,500,000 

1445 

1410-1425 

4,120,000 

1445 

1410-1425 

4,090,000 

1450 

1410-1425 

4,890,000 

1450 

1410-1425 

9,690,000 

1450 

1410-1425 

13,400,000 

♦Capital  cost  does  not  include  costs  for  easements  and  right-of-way 
acquisition. 


DEVLAK/333,0 


11 


DESIGN  AND  COST  ESTIMATES  FOR  A  CONNECTING  CHANNEL  BETWEEN 
EAST  DEVILS  LAKE  AND  WEST  STUMP  LAKE 
DEVILS  LAKE  BASIN,  NORTH  DAKOTA 


TABLE  OF  CONTENTS 

SECTION 

EXECUTIVE  SUMMARY  i 

1.  INTRODUCTION  10 

1.1  Purpose  10 

1.2  Background  10 

2.  SPECIFIED  DESIGN  CONDITIONS  11 

2.1  Channel  Capacity  11 

2.2  Water  Surface  Elevations  11 

2.3  Summary  of  the  Design  Conditions  12 

3.  CHANNEL  DESIGN  14 

3.1  Channel  Alignment  14 

3.2  Main  Channel  15 

3.2.1  General  Assumptions  15 

3.2.2  Case  1A,  IB,  and  1C  18 

3.2.3  Case  2G  and  2P  19 

3.2.4  Case  3A,  3B,  and  3C  20 

3.2.5  Case  4L  and  4H  20 

3.2.6  Case  5A,  5B,  and  5C  21 

3.3  Inlet  Channel  22 

3.4  Outlet  Channel  22 

3.5  Culverts  at  Road  Crossing  25 

3.6  Channel  Erosion  Protection  26 

3.7  Road  Raises  27 

3.8  Appurtenant  Features  27 

3.8.1  Lateral  Inflow  Culverts  27 

3.8.2  Berms  28 

3.9  Design  Sensitivity  29 

4.  COST  ESTIMATES  34 

4.1  Channel  Excavation  35 

4.2  Culverts  36 

4.3  Slide  Gates  37 

4.4  Drop  Structures  37 

4.5  Riprap  37 

4.6  Road  Raises  38 

4.7  Berms  and  Culvert  Backfill  38 

4.8  Lateral  Inflow  Culverts  39 

4.9  Pump  Station  39 

4.10  Contingencies,  Engineering  and  Design,  and 

Supervision  and  Administration  39 


DEVLAK/333, 0 


1 


5.  OPERATION 

5.1  Non-Operational  Periods 

5.2  Start-Up 

5.3  Operational  Periods 


REFERENCES 


PLATES 


APPENDIX  A 
APPENDIX  d 
APPENDIX  C 
APPENDIX  D 


Location  Haps 
Channel  Profiles 
Channel  Cross  Sections 
Cost  Estimates 


39 

40 

41 

42 

44 


DEVLAK/333,0 


2 


LIST  OF  TABLES 


Page 


Table 

2-1 

List  of  Evaluated  Conditions 

13 

Table 

3-1 

Drop  Structure  Information 

24 

Table 

4-1 

Connecting  Channel  Construction  Cost  Estimates 

35 

LIST  OF  PLATES 


Plate  1 
Plate  2 
Plate  3 
Plate  4 
Plate  5 
Plate  6 
Plate  7 
Plate  8 
Plate  9 
Plate  10 
Plate  11 


Channel  Alignment  -  Sta.  240+00  to  East  Devils  Lake 
Channel  Alignment  -  West  Stump  Lake  to  Sta.  240+00 
Typical  Main  Channel  Section 
Typical  Drop  Structure 

Plan  -  Typical  Road  Crossing  with  Low  Head  Loss 
Section  -  Typical  Road  Crossing  with  Low  Head  Loss 
Plan  -  Typical  Road  Crossing  with  Low  Head  Loss 
Section  -  Typical  Road  Crossing  with  Low  Head  Loss 
Typical  Culvert  Outlet  Performed  Scour  Hole 
Typical  Road  Section 

Typical  Cross  Section  of  Lateral  Inflow  Culvert 


DEVLAK/333,0 


3 


Appendix  A 


Plate  A-l 


Plate  A- 2 


Plate  A-3 


Plate  A-4 

Plate  A-5 

Plate  A- 6 

Plate  A-7 

5C 

Plate  A-8 


Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  Sta  240+00  to  East  Devils  Lake-  Cases  1A,  IB,  1C 
&  2G 

Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  West  Stump  Lake  to  Sta  240+00  -  Cases  1A,  IB,  1C 
&  2G 

Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Scamp  Lake  -  Sta  240+00  to  East  Devils  Lake  -  Cases  2P,  3A,  3B 
4  3c 

Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  West  Stump  Lake  to  Sta  240+00-  Cases  2P,  3A,  3B  & 
3C 

Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  Sta  240+00  to  East  Devils  Lake  -  Cases  4H  &  4L 
Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  West  Stump  Lake  to  Sta  240+00  -  Cases  4H  &  4L 
Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  Sta  240+00  to  East  Devils  Lake-  Cases  5A,  5B  & 

Location  Map  -  Connecting  Channel  East  Devils  Lake  to  West 

Stump  Lake  -  West  Stump  Lake  to  Sta  240+00  -  Cases  5A,  5B,  5C 


Appendix  B 


Plate 

3-1 

Design  Profile  for  Channel 

Connecting 

East 

Devils 

Lake 

and 

West  Stump  Lake  -  Case  1 A, 

,  IB,  &  1C 

Plate 
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and 
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Plate 
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Plate 
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Devils 

Lake 

and 
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West  Stump  Lake  -  Case  4L  &  4H 

Plate  B-6  Design  Profile  for  Channel  Connecting  East  Devils  Lake  and 
West  Stump  Lake  -  Case  5A,  5B,  5C 
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Section  Sta 
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Lake 
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Section  Sta 
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Plate 
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1A,  IB  St  1C,  Cross 
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Plate 
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Connecting  Channel 

East  Devils 

Lake  to 

West 
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Case 

1A,  IB  &  1C,  Cross 

Section  Sta 

304+00 

Plate 

C-9 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump  Lake 

- 

Case 

1A,  IB  St  1C,  Cross 

Section  Sta 

345+00 

Plate 

C-10 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 
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Case 

1A,  IB  St  1C,  Cross 

Section  Sta 

370+00 

Plate 
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Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 
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Case 

1A,  IB  St  1C,  Cross 

Section  Sta 

398+00 

Plate 
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Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

1A,  IB  St  1C,  Cross 

Section  Sta 

485+00 

Plate 

C-13 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 
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Case 

1A,  IB  St  1C,  Cross 

Section  Sta 

514+00 

Plate 

C-14 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

2G  Cross  Section  Sta  25+00 

Plate 

C-15 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

2 G  Cross  Section  Sta  70+00 
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Plate 

C-16 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  120+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-17 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  170+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-18  Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  210+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-19 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  244+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-20 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  275+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-21 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  304+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-22 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  345+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-23 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  370+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-24 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  398+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-25 

Connecting  Channel  East  Devils 

2G  Cross  Section  Sta  485+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-26 

Connecting  Channel  Ea3t  Devils 

2G  Cross  Section  Sta  514+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-27 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  25+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-28 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  70+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-29 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  120+00 

Lake 

to 

Wes  t 

Stump  Lake 

Plate 

C-30 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  170+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-31 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  210+00 

Lake 

to 

Wes  t 

Stump  Lake 

Plate 

C-32 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  244+00 

Lake 

to 

West 

Stump  Lake 

Plate 

C-33 

Connecting  Channel  East  Devils 

2P  Cross  Section  Sta  275+00 

Lake 

to 

West 

Stump  Lake 
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Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 

Case 


DEVLAK/333, 


6 


Plata 

C-34 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

2P  Cross  Section  Sta  304+00 

Plate 

C-35 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump  Lake 

- 

Case 

2P  Cross  Section  Sta  345+00 

Plate 

C-36 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump  Lake 

- 

Case 

2P  Cross  Section  Sta  370+00 

Plate 

C-37 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump  Lake 

- 

Case 

2P  Cross  Section  Sta  398+00 

Plate 

C-38 

Connecting  Channel 

East  Devils 

Lake  to 

Wes  t 

Stump  Lake 

- 

Case 

2P  Cross  Section  Sta  485+00 

Plate 

C-39 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

2P  Cross  Section  Sta  514+00 

Plate 

C-40 

Connecting  Channel 

East  Devils 

Lake  to 

Wes  t 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

25+00 

Plate 

C-41 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump  Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

70+00 

Plate 

C-42 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump  Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

120+00 

Plate 

C-43 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

170+00 

Plate 

C-44 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

210+00 

Plate 

C-45 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

244+00 

Plate 

C-46 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

275+00 

Plate 

C-47 

Connecting  Channel 

East  Devils 

Lake  to 

Wes  t 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

304+00 

Plate 

C-48 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

3A,  34  &  3C  Cross 

Section  Sta 

345+00 

Plate 

C-49 

Connecting  Channel 

East  Devils 

Lake  to 

West 

Stump 

Lake 

- 

Case 

3A,  3B  &  3c  Cross 

Section  Sta 

370+00 

Plate 

C-50 

Connecting  Channel 

East  Devils 

Lake  to 

Wes  t 

Stump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

398+00 

Plate 

C-51 

Connecting  Channel 

East  Devils 

Lake  to 

West 

S  t  ump 

Lake 

- 

Case 

3A,  3B  &  3C  Cross 

Section  Sta 

485+00 
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Plate  C-52  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
3A,  3B  &  3C  Cross  Section  Sta  514+00 

Plate  C-53  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  25+00 

Plate  C-54  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  70+00 

Plate  C-55  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  120+00 

Plate  C-56  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  170+00 

Plate  C-57  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  210+00 

Plate  C-58  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  244+00 

Plate  C-59  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  275+00 

Plate  C-60  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  'iL  Cross  Section  Sta  304+00 

Plate  C-61  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4l  Cross  Section  Sta  345+00 

Plate  C-62  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  370+00 

Plate  C-63  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4l  Cross  Section  Sta  398+00 

Plate  C-64  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H,  4L  Cross  Section  Sta  485+00 

Plate  C-65  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4L  Cros s  Section  Sta  514+00 

Plate  C-66  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
4H  Cross  Section  Sta  514+00 

Plate  C-67  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5 B ,  &  5C  Cross  Section  Sta  25+00 

Plate  C-68  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  70+00 

Plate  C-69  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  120+00 
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Plate  C-70  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  170+00 

Plate  C-71  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  210+00 

Plate  C-72  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  244+00 

Plate  C-73  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  275+00 

Plate  C-74  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  304+00 

Plate  C-75  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  345+00 

Plate  C- 76  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 

5A,  5B,  &  5C  Cross  Section  Sta  370+00 

Plate  C-77  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  398+00 

Plate  C-78  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  485+00 

Plate  C-79  Connecting  Channel  East  Devils  Lake  to  West  Stump  Lake  -  Case 
5A,  5B,  &  5C  Cross  Section  Sta  514+00 
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DESIGN  AND  COST  ESTIMATES  FOR  CONNECTING  CHANNEL 
BETWEEN  EAST  DEVILS  LAKE  AND  WEST  STUMP  LAKE 
DEVILS  LAKE  BASIN,  NORTH  DAKOTA 


1.  INTRODUCTION 


1 . 1  Purpose 

The  purpose  of  this  report  is  to  provide  part  of  the  basis 
for  the  continued  screening  of  outlet  alternatives  from  the 
presently  landlocked  Devils  Lake  chain  of  lakes.  It 
describes  the  further  development  of  preliminary  designs  and 
cost  estimates  for  the  section  of  outlet  channel  between 
East  Devils  Lake  and  West  Stump  Lake  for  a  variety  of 
conditions.  Designs  and  cost  estimates  have  been  completed 
to  a  feasibility  study  level  of  detail. 

1.2  Background 

The  St.  Paul  District,  Corps  of  Engineers,  is  currently 
conducting  feasibility  level  flood  control  studies  in  the 
Devils  Lake  Basin,  North  Dakota.  The  water  surface 
elevation  of  Devils  Lake  has  been  rising  over  the  past 
several  decades  and  is  now  approaching  levels  where  the 
potential  for  significant  damages  exists  if  the  lake  level 
continues  to  rise.  The  Devils  Lake  chain  of  lakes  does  not 
have  a  natural  outlet  until  the  lake  level  reaches  an 
elevation  of  about  1457,  approximately  thirty  feet  above  its 
current  level.  At  that  elevation,  water  would  flow  from 
Devils  Lake  through  East  Devils  Lake  and  West  Stump  Lake 
into  Tolna  Coulee  and  then  into  the  Sheyenne  River  near 
Tolna,  N.D.  Several  alternatives  are  being  considered  to 
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alleviate  the  problems  caused  by  the  rising  lake  level.  Of 
prime  consideration  are  a  series  of  outlet  channels  from  the 
Devils  Lake  chain  of  lakes  to  the  Sheyenne  River. 

Preliminary  designs  and  cost  estimates  have  been  developed 
by  the  Corps  for  the  outlet  channel  alternatives  from  the 
Devils  Lake  chain  of  lakes  to  the  Sheyenne  River.  These 
designs  were  developed  from  the  first  screening  of 
alternatives  using  7.5  minute  U.S.G.S.  topographic  maps  as 
the  basis  for  elevation  information.  A  connecting  channel 
from  East  Devils  lake  to  West  Stump  Lake,  an  important 
segment  of  several  different  outlet  channel  alternatives,  is 
the  subject  of  this  report. 

2.  SPECIFIED  DESIGN  CONDITIONS 


The  following  paragraphs  list  the  general  conditions  considered  in 
the  design  of  the  connecting  channel. 

2. 1  Channel  Capacity 

Three  alternative  channel  capacities  have  been  evaluated: 
200  cubic  feet  per  second  (cfs),  600  cfs,  and  1000  cfs.  The 
channel  has  been  designed  to  be  stable  for  these  conditions. 
Designs  for  culverts  at  road  crossings,  berms,  drop 
structures,  inlet  and  outlet  plans,  erosion  protection,  and 
all  appurtenant  features  are  included. 

2.2  Water  Surface  Elevations 

Two  different  design  water  levels  were  considered  at  East 
Devils  Lake:  Elevation  1430  and  '435.  Elevation  1430  was 
used  for  the  majority  of  the  options.  (All  elevations  in 
this  report  are  referenced  to  NGVD,  1929). 
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The  design  water  surface  elevation  at  the  upstream  end  of 
the  channel  varied  from  Elevation  1430  to  Elevation  1450. 
Gravity  flow  was  assumed  from  this  point  to  West  Stump  Lake. 
In  most  cases,  a  pump  station  wa3  included  to  raise  the 
water  from  East  Devils  Lake  to  the  starting  elevation  for 
gravity  flow  at  the  upper  end  of  the  channel. 

The  channel  was  designed  to  provide  for  West  Stump  Lake 
water  levels  ranging  from  Elevation  1410  to  Elevation  1425, 
while  maintaining  the  design  channel  capacities. 

To  miminize  impact  on  the  Black  Swan  Wildlife  Management 
Area,  the  design  water  surface  elevation  was  required  not  to 
exceed  Elevation  1436  (one  foot  below  the  open  water 
surfaces  in  the  management  area)  in  the  reaches  of  the 
channel  passing  through  the  management  area. 

2.3  Summary  of  Design  Conditions 

Thirteen  cases  for  consideration  were  derived  from  the  above 
conditions.  Table  2-1  lists  the  case  designations  and  the 
design  capacity  and  water  surface  elevations  for  each  case. 

Cases  1A,  IB,  1C,  and  2G  are  gravity  flow  from  East  Devils 
Lake  to  West  Stump  Lake.  Cases  2P,  3A,  3B,  3C,  4L,  4H,  5A, 
5B  and  5C  require  a  pump  station  to  lift  the  water  from  East 
Devils  Lake  to  the  upstream  end  of  the  channel  where  flow 
will  be  by  gravity  to  West  Stump  Lake. 

Seven  of  the  cases  have  a  design  discharge  capacity  of  200 
cfs,  three  have  a  design  capacity  of  600  cfs,  and  three  have 
a  design  capacity  of  1,000  cfs. 
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TABLE  2-1  List  of  Evaluated  Conditions 


Water  Surface  Elevations 


East 

Upstream 

West 

Channe 1 

Devils 

End  of 

Stump 

Capacity 

Lake 

Channel 

Lake 

Case 

(cfs) 

(ft.) 

(ft.) 

(ft.) 

1A 

200 

1430 

1430 

1410-1425 

IB 

600 

1430 

1430 

1410-1425 

1C 

1000 

1430 

1430 

1410-1425 

2G  (gravity) 

200 

1435 

1435 

1410-1425 

2P  (pump) 

200 

1430 

1435 

1410-1425 

3A 

200 

1430 

1440 

1410-1425 

3B 

600 

1430 

1440 

1410-1425 

3C 

1000 

1430 

1440 

1410-1425 

4L  (low) 

200 

1430 

1445 

1410-1425 

4H  (high) 

200 

1435 

1445 

1410-1425 

5A 

200 

1430 

1450 

1410-1425 

5B 

600 

1430 

1450 

1410-1425 

5C 

1000 

1430 

1450 

1410-1425 
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3. 


CHANNEL  DESIGN 


The  primary  consideration  for  channel  design  was  to  provide  the 
desired  capacity  under  the  design  conditions  discussed  in  Section  2 
at  minimum  cost.  Secondary  considerations  included  controlling 
environmental  impact  and  providing  a  system  which  is  easily  and 
economically  operated. 

Discussion  of  the  channel  design  for  each  of  the  cases  listed  in 
Section  2  is  separated  into  eight  areas: 

(1)  channel  alignment; 

(2)  main  channel  from  Station  38+00  upstream  to  the  pump  station 
(or  to  East  Devils  Lake  for  Cases  IA,  IB,  1C,  and  2G,  which 
require  no  pump  station); 

(3)  inlet  channel  from  East  Devils  Lake  to  the  pump  station; 

(4)  outlet  channel  (the  downstream  reach  of  the  channel  from 
Station  38+00  to  West  Stump  Lake); 

(5)  culverts  at  road  crossings; 

(6)  channel  erosion  protection; 

(7)  road  raises,  and 

(8)  appurtenant  features. 

Location  maps  showing  the  features  of  each  of  the  alternative  case 
designs  are  provided  on  Plates  A-l  through  A-8  in  Appendix  A. 

3. 1  Channel  Alignment 

The  initial  step  in  the  channel  design  was  selection  of  a 
channel  alignment.  The  area  considered  for  channel 
alignment  was  limited  to  the  naturally  low  wetland  area 
between  East  Devils  Lake  and  West  Stump  Lake.  Topographic 
maps  for  this  area  with  a  scale  of  one  inch  equals  400  feet 
and  contour  intervals  of  two  feet  generated  from  aerial 
photographs  taken  April,  1985  were  the  primary  source  of 
information  used  in  channel  alignment  selection.  The  April, 
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1985  aerial  photos,  wetland  maps,  and  USGS  topographic  maps 
were  also  reviewed.  The  selected  channel  alignment  shown  on 
Plates  1  and  2  was  used  for  all  the  considered  cases 
described  in  Section  2.  The  alignment  for  Cases  5A,  5B,  and 
5C  varies  slightly  at  the  upstream  end  from  the  alignment 
for  the  other  cases  and  is  indicated  on  Plate  1. 

The  basis  for  channel  alignment  selection  was  economy  of 
construction  and  minimization  of  adverse  environmental 
impacts.  For  economy  of  construction  (minimum  excavation), 
the  channel  alignment  was  chosen  through  the  low  portions  of 
the  study  area  and  an  attempt  was  made  to  select  the 
shortest  alignment.  To  minimize  impact  on  the  wetlands,  the 
channel  alignment  was  chosen  to  skirt  the  major  wetland 
areas.  Of  particular  concern  was  the  portion  of  the  channel 
(approximately  Station  0+00  to  Station  180+00)  passing 
through  the  Black  Swan  Wildlife  Management  Area. 

3.2  Main  Channel 


3.2.1  General  Assumptions 

Six  general  assumptions  which  governed  the  hydraulic 
design  of  the  channel  are  discussed  below.  The 
sensitivity  of  the  channel  designs  to  changes  in  the 
design  assumptions  is  discussed  in  Section  3.9. 

(a)  Channel  cros9  section  would  have  a  ten-foot 
bottom  width  and  three  horizontal  to  one 
vertical  side  slopes  (Plate  3).  Early  in 
the  investigation,  it  was  found  that  varying 
the  bottom  width  of  the  channel  had  little 
impact  on  volume  of  excavation  required  and, 
therefore,  excavation  cost  for  a  given 
discharge  capacity.  Ten  feet  was  chosen  for 
the  design  because  it  is  the  practical 
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minimum  width  for  excavation  with  large 
earth  moving  equipment.  It  was  assumed  that 
the  majority  of  the  excavation  for  the 
channel  would  be  done  with  a  dragline 
because  of  difficulties  associated  with 
excavation  below  the  water  table  with  other 
excavation  equipment.  Three  to  one 
side  slopes  were  chosen  as  a  conservative 
design  because  of  the  limited  information 
available  on  the  soils  in  the  channel 
alignment  area. 

(b)  Manning's  roughness  coefficient  of  0.035 
would  be  used  for  the  channel.  Because  of 
uncertainty  as  to  the  hydraulic  condition  of 
the  channel,  which  will  be  used 
intermittently,  a  conservatively  high  "n" 
value  was  chosen. 

(c)  Maximum  allowable  design  channel  velocity 
would  be  two  feet  per  second.  To  minimize 
erosion  potential,  this  relatively  low 
maximum  velocity  was  chosen. 

(d)  Design  would  attempt  to  minimize  cost. 
Preliminary  cost  estimates  for  several 
channel  profiles  were  developed  considering 
only  the  costs  of  the  two  major  items; 
excavation  and  culverts  at  the  road 
crossings.  A  general  trend  for  optimization 
(minimization)  of  the  costs  associated  with 
excavation  and  culverts  was  identified  and 
applied  to  the  channel  designs  described 
below. 
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For  Ca3es  1A,  IB,  1C  and  2G  and  2P,  little 
variation  in  the  design  could  be  realized 
because  of  the  small  amount  of  available 
head.  For  the  other  cases,  it  was  found 
that  by  steepening  the  slope  at  the 
downstream  end  of  the  channel  and 
maintaining  flatter  slopes  at  the  upstream 
end  (in  general,  paralleling  the  existing 
ground  surface),  the  excavation  costs  were 
minimized  and  the  savings  in  excavation 


costs  more 

than 

offset 

increases 

in 

the 

culvert  costs. 

The  optimization 

of 

the 

design  for 

each 

case 

is  discussed 

in 

subsections 

3.2.2 

through 

3.2.6. 

(e)  Channel  design  for  all  cases  would  assume 
West  Stump  Lake  to  be  at  its  maximum  level 
of  Elevation  1425.  The  design  of  the  outlet 
portion  of  the  channel  provides  for  a 
possible  fifteen-foot  fluctuation  in  the 
West  Stump  Lake  water  level  (from  Elevation 
1410  to  Elevation  1425)  and  is  discussed  in 
detail  in  Section  3.4 

(f)  Head  losses  would  be  achieved  through 
culverts.  In  general,  the  majority  of 
headloss  through  the  channel  system  other 
than  channel  friction  losses  was  assumed  to 
be  through  submerged  culverts  (outlet 
control)  at  road  crossings.  Designing  for 
the  loss  of  head  through  the  culverts  was 
chosen  instead  of  providing  drop  structures 
because  of  the  large  cost  savings  which 
could  be  realized  by  eliminating  the  need 
for  large  drop  structures.  Culverts  (or 
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bridges)  would  be  required  at  the  road 
crossings  in  any  case  and  increasing  the 
design  head  loss  at  the  culverts  reduces 
their  required  size  and  cost. 

3.2.2  Cases  1A,  IB,  and  1C 

These  cases  are  all  completely  gravity  flow  and  do 
not  require  a  pump  station.  Design  capacities  are 
200,  600,  and  1,000  cfs  for  Cases  1A,  IB  and  1C, 
respectively.  There  is  five  feet  of  head 
difference  between  East  Devils  Lake  (Elevation  1430) 
and  West  Stump  Lake  at  its  maximum  level  (Elevation 
1425)  for  all  three  cases. 

Plate  B-l  in  Appendix  B  illustrates  the  channel 
profile  for  Cases  1A,  IB,  and  1C.  Channel  cross 
sections  at  13  typical  locations  are  illustrated  on 
Plates  C-l  through  C-13  in  Appendix  C.  The  design 
water  surface  elevations  are  the  same  for  each  case; 
the  channel  bottom  elevations  change  to  provide  for 
the  various  capacities. 

The  five  feet  of  head  available  for  Cases  1A,  IB 
and  1C  limited  the  channel  design  options.  To 
optimize  the  design,  trial  designs  were  made  using 
various  distributions  of  the  available  head  between 
losses  at  the  seven  culverts  and  channel  friction 
losses.  Increasing  the  head  loss  through  the 
culverts  requires  smaller  culverts,  decreasing  their 
cos t ,  but  the  increased  channel  depth  required  to 
reduce  the  channel  friction  losses  results  in 
increased  excavation  cost.  Decreasing  culvert  head 
loss  and  increasing  the  available  head  for  channel 
friction  losses  has  the  opposite  effect,  increased 
culvert  costs  and  reduced  excavation  cost. 
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Balancing  the  design  head  losses  through  the 
culverts  with  those  in  the  channel  resulted  in  the 
design  with  lowest  cost  for  Cases  1A,  IB  and  1C. 
The  design  head  loss  at  each  culvert  was  0.4  feet. 
The  remaining  2.2  feet  of  head  is  consumed  by 
channel  friction  losses. 

3.2.3  Case  2G  and  2P 

Both  Case  2G  and  2P  have  a  channel  capacity  of  200 
cfs  and  a  design  water  surface  elevation  of  1435  at 
the  upstream  end  of  the  channel.  Case  2P  requires  a 
pump  station  to  lift  water  from  East  Devils  Lake  at 
Elevation  1430  to  Elevation  1435  at  the  upstream  end 
of  the  channel.  In  Case  2G,  East  Devils  Lake  is 
assumed  to  be  at  Elevation  1435  and  gravity  flow 
conditions  exist  throughout  the  channel. 

Plates  B-2  and  B-3  in  Appendix  B  illustrate  the 
channel  profiles  for  Cases  2G  and  2P,  respectively. 
Channel  cross  sections  at  thirteen  typical  locations 
for  Cases  2G  and  2P,  respectively,  are  shown  on 
Plates  C-14  through  C-26  and  on  Plates  C-27  through 
C-39  of  Appendix  C. 

The  total  system  head  drop  of  ten  feet  is  higher 
than  Cases  1A,  IB,  and  1C,  but  changes  in  the 
culvert  design  head  losses  were  still  not 
advantageous.  The  design  head  loss  of  0.4  feet  at 
each  culvert  was  kept  the  same.  An  increase  in  the 
channel  slope  accounted  for  the  extra  five  feet  of 
head.  The  channel  slope  for  Case  2P  is  slightly 
higher  than  that  for  Case  2G  since  Case  2P  has  a 
shorter  channel  length. 
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3.2.4  Case  3A,  3B,  and  3C 


A  pump  station  is  required  with  a  capacity  of  200 
cfs,  600  cfs  or  1,000  cfs,  respectively,  for  Cases 
3A,  3B  and  3C  to  elevate  water  from  East  Devils  Lake 
at  Elevation  1430  to  Elevation  1440  at  the  upstream 
end  of  the  channel. 

Plate  B-4  in  Appendix  B  illustrates  the  design 
channel  profiles  for  these  cases.  Channel  cross 
sections  at  thirteen  typical  stations  are  shown  in 
Plates  C-40  to  C-52  in  Appendix  C. 

The  total  system  head  drop  of  fifteen  feet  allowed 
for  further  optimization  of  excavation  and  culvert 
costs.  The  natural  ground  slope  in  the  channel  from 
Station  200+00  to  the  inlet  is  relatively  flat. 
Beyond  this  reach  the  ground  surface  slopes 
significantly  to  the  outlet.  Following  _his  trend 
with  the  channel  slope  and  adjusting  the  culvert 
head  losses,  an  optimum  design  condition  was  chosen. 
The  three  upstream  culverts  have  relatively  low 
design  head  losses  (0.4  and  0.5  feet).  The  three 
downstream  culverts  have  larger  design  head  losses 
(1.5  to  4.1  feet ) . 

3.2.5  Cases  4L  and  4H 

Cases  4l  and  4H  are  essentially  the  same  except  for 
the  lift  required  of  the  pump  station.  Both  cases 
require  a  200  cfs  channel  capacity  and  a  water 
surface  elevation  of  1445  at  the  upstream  end  of  the 
channel.  East  Devils  Lake  is  at  Elevation  1430  for 
Case  4L  and  Elevation  1435  for  Case  4H. 
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Plate  B-5  in  Appendix  B  illustrates  the  channel 
profile  for  Cases  4L  and  4H.  Plates  C-53  through 
C-66  in  Appendix  C  show  cross  sections  at  thirteen 
typical  location  for  Cases  4L  and  4H. 

The  design  of  the  channel  is  similar  to  that  of  Case 
3A;  shallow  channel  slope  and  low  head  loss  at 
culverts  in  the  upstream  reach  of  the  channel,  and 
steeper  slope  and  higher  culvert  head  losses  in  the 
downstream  reach.  An  area  between  Road  Crossing  6 
and  Road  Crossing  7  will  be  inundated  for  both  Case 
4L  and  4H.  The  inundated  area  is  shown  on  the 
location  map,  Plate  A-5,  in  Appendix  A. 

3.2.6  Cases  5A,  5B,  and  5C 

Special  treatment  was  used  to  design  the  main 
channel  for  these  cases  due  to  the  high  total 
available  head  of  twenty-five  feet.  A  pump  station 
is  used  to  elevate  the  water  from  Elevation  1430  in 
East  Devils  Lake  to  Elevation  1450  in  the  upstream 
end  of  the  channel.  Pump  and  channel  capacities  of 
200  cfs,  600  cfs,  and  1000  cfs  are  required  for 
Cases  5A,  5B,  and  5C,  respectively. 

Plate  B-6  in  Appendix  B  illustrates  the  channel 
profile.  Cross  sections  at  thirteen  typical 
locations  are  shown  on  Plates  C-67  through  C-79  in 
Appendix  C. 

Upstream  of  road  crossing  4,  the  low  wetland  areas 
will  be  inundated,  providing  a  wide,  relatively 
shallow  waterway.  The  inundated  area  is  shown  on 
the  location  map,  Plate  A-7,  in  Appendix  A.  From 
road  crossing  4  to  the  outlet,  the  majority  of  the 
head  loss  was  achieved  through  culverts. 
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To  minimize  excavation  in  the  upstream  reach  of  the 
channel,  the  channel  centerline  is  slightly 
different  than  the  excavated  channel  alignment  for 
the  other  cases.  The  lowest  ground  elevation  along 
the  channel  route  chosen  for  the  Case  5A,  5B  and  5C 
alignments  is  shown  on  the  channel  profile  (Plate 
B-6  in  Appendix  B) .  With  the  upstream  design  water 
surface  elevation  at  1450,  between  road  crossing  4 
and  the  pump  station,  excavation  was  required  only 
for  widening  the  natural  channel  between  Station 
288+00  and  Station  352+00. 


3. 3  Inlet  Channel 

An  inlet  channel  was  required  for  the  cases  with  pump 
stations  (Cases  2P,  3A,  3B,  3C,  4H,  4L,  5A,  5B  and  5C).  The 
inlet  channel  bottom  widths  for  200  cfs,  600  cfs,  and  1000 
cfs  were  twenty-five,  forty-five  and  sixty  feet, 
respectively,  based  on  the  assumed  intake  structure 
dimensions  required  at  the  pump  station  (supplied  by  the 
Corps).  Assuming  a  maximum  channel  velocity  of  two  feet  per 
second,  three  horizontal  to  one  vertical  side  slopes  and  a 
Mannings  roughness  coefficient  of  0.035,  the  channel  flow 
depth  required  for  all  three  discharges  is  approximately  4.5 
feet.  The  inlet  channel  cross  section  is  shown  on  the  cross 
section  at  Station  514+00  and  is  included  in  Appendix  C  for 
all  the  cases  requiring  a  pump  station  (Plate  C-39,  Case  2P; 
Plate  C-52,  Cases  3A,  3B  and  3C;  Plate  C-65,  Case  4L;  Plate 
C-66,  Case  4H;  and  Plate  C-79,  Cases  5A,  5B,  and  50 . 

3.4  Outlet  Channel 

The  potential  for  variable  water  surface  levels  in  West 
Stump  Lake  and  the  fact  that  the  main  channel  designs  were 
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based  on  the  assumption  that  West  Stump  Lake  was  at  its 
maximum  level,  required  that  treatment  be  considered  for  the 
steep  downstream  portion  of  the  channel.  When  the  West 
Stump  Lake  water  level  drops  below  Elevation  1425,  the 
maximum  permissible  channel  velocity  of  two  fps  could  be 
exceeded  in  the  outlet  portion  of  the  channel  (West  Stump 
Lake  to  Station  38+00). 

Two  options  were  considered  in  the  channel  outlet  design. 

The  first  option  utilized  a  steep  riprapped  channel  into 

West  Stump  Lake.  The  second  used  drop  structures  to  provide 
a  rapid  change  in  grade  and  reduce  channel  velocities. 

Preliminary  cost  estimates  demonstrated  the  drop  structures 
to  be  sixty  percent  less  expensive  than  a  riprapped 
channel.  Therefore,  drop  structures  were  chosen  as  an 
integral  part  of  the  outlet  channel  design.  Control  of  the 

channel  capacity  is  maintained  by  the  weir  elevation  of  the 

drop  structure. 

Drop  structures  were  located  at  approximately  Stations  28+00 
and  38+00.  The  basic  design  was  adapted  from  the  Corps  of 
Engineer  Manual,  Hydraulic  Design  of  Flood  Control  Channels, 
EM  1110-2-1601,  Plate  43.  This  design  is  very  similar  to 

that  of  a  Type  B  Soil  Conservation  Service  (SCS)  drop 

structure  described  in  the  SCS  National  Engineering  Handbook 
Section  11,  ES-67.  Plate  4  shows  the  typical  drop  structure 
design. 

Table  3-1  summarizes  the  information  for  the  drop  structures 
for  the  200  cfs,  600  cfs,  and  1000  cfs  design  discharges. 

For  the  600  cfs  and  1000  cfs  discharges,  the  channel  bottom 
width  for  the  outlet  channel  downstream  of  the  first  drop 

structure  at  Station  38+00  is  the  same  width  as  the  weir 
length;  thirty  feet  and  fifty  feet,  respectively.  The 
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TABLE  3-1  Drop  Structure  Information 


Weir 

Length 

Head 

Drop 

Basin 

Length 

Approx. Crest 
Elevation 

Discharge 

(cfs) 

L 

(ft) 

H 

(ft) 

F 

(ft) 

he 

at  Sta 
38+00 

at  Sta 
28+00 

200 

10 

3.5 

8 

13.3 

1421.5 

1414.0 

600 

30 

3.5 

8 

13.3 

1421.5 

1414.0 

1000 

50 

3.5 

8 

13.3 

1421.5 

1414.0 
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outlet  channel  width  was  maintained  for  the  remaining 
channel  length  into  West  Stump  Lake.  To  prevent  the 
downstream  drop  structure  from  being  overtopped  and  damaged 
by  erosion  when  the  West  Stump  Lake  elevation  rises,  the 
headwall  and  adjacent  berms  have  five  feet  of  freeboard 
above  the  Elevation  1425  high  water  level.  The  outlet 
channel  cross  section  is  shown  on  the  cross  section  at 
Station  25+00  and  is  included  in  Appendix  C  for  all  the 
cases  (Plate  C-l,  Cases  1A,  IB,  and  1C;  Plate  C-14,  Case  2G; 
Plate  C-27,  Case  2P;  Plate  C-40,  Cases  3A,  3B,  and  3C;  Plate 
C-53,  Cases  4L  and  4H;  and  Plate  C-67,  Cases  5A,  5B,  and 
50. 

3.5  Culverts  at  Road  Crossings 


Generally,  there  are  two  design  conditions  for  the  culverts 
at  the  road  crossings:  those  with  low  head  loss 
(approximately  0.4  to  0.5  feet),  and  those  with  high  head 
loss  (1.0  to  5.8  feet).  The  first  condition  requires 
relatively  large  culverts  to  pass  the  flow  with  low  head 
loss.  Exit  velocities  from  these  culverts  are  between  three 
and  four  feet  per  second.  The  high  head  loss  condition 
offers  the  advantage  of  smaller  culvert  size  but  has  culvert 
exit  velocities  ranging  from  five  to  thirteen  feet  per 
second.  Riprapping  for  erosion  protection  at  the  exits  of 
both  low  head  loss  and  high  head  loss  culverts  is  discussed 
in  Section  3.6.  Culvert  slopes  were  restricted  to  a  maximum 
of  one  percent.  Plates  5  through  8  illustrate  typical  road 
crossings  for  both  low  and  high  head  loss  conditions.  The 
required  culvert  size  was  based  on  nomographs  for  full  flow 
(outlet  control),  with  an  assumed  entrance  loss  coefficient 
of  0.7. 

For  the  completely  gravity  flow  cases  (1A,  IB,  1C  and  2G), 
the  upstream  end  of  the  culverts  at  road  crossing  7  will  be 
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fitted  with  slide  gates.  The  gates  will  allow  the  connecting 
channel  to  be  closed  during  non-operational  periods  and  will 
allow  adjustment  in  the  quantity  of  discharge  during 
operation  of  the  channel. 

For  all  design  options,  the  upstream  ends  of  the  culverts  at 
road  crossings  1  through  6  and  the  downstream  end  of  the 
culverts  at  road  crossing  7  will  have  stoplog  slots  in  them. 
Stoplogs  will  be  placed  in  the  slots  during  non-operational 
periods  so  that  the  water  level  in  the  channel  may  be 
maintained  near  the  existing  surface  water  levels  in  the 
wetlands  adjacent  to  the  connecting  channel. 

The  operation  of  the  culvert  gates  and  stoplogs  are 
discussed  further  in  Section  5. 

3.6  Channel  Erosion  Protection 


Since  the  design  channel  velocities  were  restricted  to  two 
feet  per  second,  no  erosion  protection  is  needed  in  the 
channel  except  at  the  outlet  of  the  road  crossing  culverts. 
For  the  low  head  loss  culverts  (exit  velocities  of  three  to 
four  fps),  a  riprap  blanket  was  provided  downstream  of  the 
culvert  outlet  (Plate  5).  The  length  of  the  blanket, 
twenty-five,  thirty,  and  thirty-five  feet  for  the  200  cfs, 
600  cfs,  and  1,000  cfs  discharges,  respectively,  was  based 
on  Hydraulic  Design  Chart  722-5  developed  by  the  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES). 

For  the  high  head  loss  culverts  (exit  velocities  of  five  to 
thirteen  fps),  a  riprapped  preformed  scour  hole  was  provided 
for  energy  dissipation  and  erosion  protection.  The 
preformed  scour  hole  design  (Plate  9)  was  based  on  WES 
Hydraulic  Design  Chart  722-6. 
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The  size  of  riprap  chosen  for  both  applications  is  six 
inches.  The  riprap  size  was  based  on  WES  Hydraulic  Design 
Chart  722-7.  The  riprap  thickness  for  both  applications  was 
assumed  to  be  6wo^.vc  inches,  the  minimum  thickness  necessary 
for  practical  placement. 


3.7 


Road  Raises 


Five  feet  of  freeboard  was  assumed  to  be  required  at  each 
road  crossing.  The  design  assumes  four  horizontal  to  one 
vertical  side  slopes  and  a  thirty-two  foot  wide  road 
surface.  Four  inches  of  aggregate  for  the  road  topping  was 
assumed.  A  one  foot  thick  riprap  layer  on  the  embankment 
slopes  from  three  feet  below  the  design  water  surface  to 
three  feet  above  (vertically)  was  assumed  for  Cases  4L,  4H, 
5A,  5B  and  5C,  where  permanently  inundated  areas  meet  the 
roadway  embankment.  A  typical  road  raise  is  shown  on  Plate 
10. 

3.8  Appurtenant  Features 

3.8.1  Lateral  Inflow  Culverts 

An  analysis  was  made  of  the  runoff  rate  from  the 
areas  adjacent  to  the  channel.  Assuming  runoff  from 
one  3ide  of  the  channel  along  a  one  mile  length  (an 
average  drainage  area  of  240  acres)  and  a  ten-year 
return  period,  estimates  of  peak  discharges,  made 
by  using  the  Soil  Conservation  Service,  Rational, 
and  Cook  methods,  range  from  95  cfs  to  215  cfs.  The 
Rational  method,  which  gives  a  value  of  161  cfs,  was 
used  for  the  design.  These  estimates  do  not  include 
the  effect  of  any  ponding  adjacent  to  the  channel, 
which  could  greatly  reduce  the  discharges  at  some 
locations . 
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Assuming  two  culverts  per  mile  per  3ide  of  channel, 
between  eight  and  twenty-four  culverts,  each  with  a 
capacity  of  approximately  80  cfs,  were  required  for 
the  thirteen  cases.  Assuming  outlet  control,  a 
manhole  entry,  approximately  4  feet  of  head  in  the 
manhole  and  100  feet  of  pipe  exiting  into  the  bottom 
of  the  channel,  a  thirty-six  inch  culvert  is 
required.  Plate  11  shows  a  typical  lateral  inflow 
culvert.  Approximate  locations  of  lateral  inflow 
culverts  for  each  of  the  connecting  channel  design 
cases  are  shown  on  the  location  maps  in  Appendix  A. 

3.8.2  Berms 

A  berm  is  required  to  prevent  overtopping  and 
erosion  damage  at  the  downstream  drop  structure  at 
Station  28+00.  Including  five  feet  of  freeboard, 
the  top  of  the  berm  should  be  at  Elevation  1430. 
The  berm  extends  from  the  existing  ground  at 
Elevation  1430  on  the  right  side  of  the  channel  to 
the  Elevation  1430  level  of  the  roadway  on  the  left 
side,  a  total  length  of  approximately  2,100  feet. 

Cases  3A,  3B,  3C,  4L,  4H,  5A,  5B,  and  5C  require  a 
berm  on  the  upstream  side  of  the  roadway  at  Station 
40+00  on  the  left  side  of  the  channel  to  prevent 
overflow  into  Swan  Lake.  Including  five  feet  of 
freeboard,  the  top  of  the  dike  should  be  at 
Elevation  1434  and  extend  from  the  roadway 
approximately  650  feet  northeast  to  existing  ground 
at  Elevation  1434. 

The  locations  of  the  berms  are  included  on  the 
location  map  plates  in  Appendix  A. 
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3.9 


Design  Sensitivity 


The  designs  of  the  thirteen  connecting  channels  are  based  on 
several  assumptions.  The  major  general  design  assumptions 
were  presented  in  Section  3.2.1.  Other  case-specific 
assumptions  were  mentioned  in  the  descriptions  of  the 
channel  and  channel  features  designs  in  the  remainder  of 
Section  3. 

The  two  major  features  of  the  connecting  channel,  the 
excavated  channel  and  the  road  crossing  culverts,  each  have 
a  corresponding  design  assumption  associated  with  them.  The 
assumption  associated  with  the  excavated  channel  is  the 
Manning's  "n"  value  which  describes  the  channel's 
"roughness"  and  hence  the  frictional  head  losses  for  the 
discharge  through  the  channel.  The  assumption  associated 
with  the  culverts  is  the  head  loss  which  will  be  realized 
through  the  structure. 

The  impact  on  the  designs  of  changes  in  the  assumed  "n" 
value  and  culvert  head  losses  was  examined.  In  general,  an 
"n"  value  lower  than  the  assumed  0.035  would  increase 
channel  velocities  and  decrease  flow  depth  in  the  channel. 
The  assumed  value  of  0.035  i3  probably  close  to  the  high  end 
of  the  possible  range  of  values  for  the  channel  which  is  the 
reason  it  was  chosen  for  capacity  design.  An  actual  "n" 
value  higher  than  0.035  which  could  possibly  be  realized  if 
extensive  vegetation  is  allowed  to  grow  in  the  channel 
during  non-oper ational  periods,  would  result  in  decreased 
channel  capacity  at  a  given  available  head.  In  general, 
head  losses  at  a  culvert  greater  than  assumed  would  result 
in  decreased  capacity  and  lower  head  losses  would  result  in 
increased  capacity. 

To  determine  the  magnitude  of  the  effects  of  changes  in  the 
assumed  "n"  value  and  assumed  culvert  head  losses,  the 
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design  for  Case  3A  was  examined.  Case  3A  was  chosen  because 
the  upstream  reaches  of  the  channel  are  similar  to  the 
channel  for  Case  1A,  IB,  1C,  2G  and  2P  and  the  downstream 
reaches  are  similar  to  those  for  Cases  4L,  4H,  5A,  5B  and 

5C.  The  200  cfs  discharge  was  chosen  because  seven  of  the 
thirteen  design  cases  are  for  the  200  cfs  discharge 
capacity.  The  effects  of  five  combinations  of  variations  in 
the  "n"  value  and  culvert  head  losses  are  discussed  below. 

(1)  Manning's  "n"  value  lower  than  assumed.  The  water 
surface  profile  for  Case  3A  was  examined  assuming 
the  actual  channel  "n"  value  was  0.025  instead  of 
the  design  value  of  0.035.  A  result  of  the  lower 
"n"  value  would  be  a  higher  capacity  for  the  channel 
at  the  design  upstream  and  downstream  water  surface 
elevations.  The  discharge  through  the  channel  would 
be  maintained  at  the  design  capacity,  however, 
because  of  control  by  the  pumps  at  the  upstream  end 
of  the  channel.  (For  the  cases  with  completely 
gravity  flow,  the  design  discharge  could  be 

maintained  by  adjusting  the  slide  gates  at  road 
crossing  seven.) 

If  the  design  discharge  is  maintained,  the  lower  "n" 
value  results  in  higher  computed  channel  velocities 
and  a  shallower  computed  flow  depth  in  the  channel. 
For  Case  3A,  the  computed  channel  velocities 
increase  from  the  design  1.3  fps  to  1.7  fps  in  the 
steep  downstream  portion  of  the  channel  and  from  the 
design  0.9  fps  to  1.2  fps  in  the  flat  upstream 
portion  of  the  channel. 

The  largest  increase  in  channel  velocity  if  the  "a" 
value  is  lower  than  assumed  occurs  for  Cases  3C  and 
5C  where  the  channel  bottom  has  its  steepest  slope 
(0.0002  ft. /ft.)  and  the  design  discharge  is  maximum 
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(1,000  cfs).  The  computed  channel  velocity  with  the 
lower  "n"  value  is  2.6  fps  instead  of  the  design  2.0 
f  ps . 

For  Case  3A,  the  computed  channel  flow  depths 
decrease  from  the  design  5.6  feet  to  4.8  feet  in  the 
steep  downstream  portion  of  the  channel  and  from  the 
design  6.9  feet  to  6.0  feet  in  the  flat  upstream 
portion  of  the  channel,  if  the  actual  "n"  value  for 
Che  channel  is  0.025  instead  of  the  design  "n"  value 
of  0.035. 

The  largest  change  in  flow  depths  resulting  from  a 
decreased  "n"  value  occurs  where  the  channel  is  flat 
and  when  the  discharge  is  maximum.  For  Case  3C 
(design  discharge  1,000  cfs),  in  the  flat  upstream 
portion  of  the  channel  (slope  0.000078  ft. /ft.),  the 
computed  flow  depth  decreases  from  13.8  feet  to  12.0 
feet . 

Based  on  the  examination  described  above,  it  is 
apparent  that  channel  velocities  will  not  be  a 
problem  even  if  the  actual  roughness  of  the  channel 
is  less  than  the  roughness  assumed  in  the  design. 
The  highest  computed  channel  velocity  assuming  a 
reduced  "n"  value  was  only  2.6  fps. 

Decreases  in  the  flow  depth  in  the  channel  are  of 
concern  only  in  their  impact  on  the  performance  of 
the  culverts.  Lower  flow  depths  at  the  culverts 
could  cause  the  discharge  capacity  of  the  culvert  to 
revert  to  inlet  control  trom  the  designed  outlet 
control . 

The  culvert  designs  for  Case  3A  were  examined.  The 
culvert  as  designed  at  road  crossing  two  becomes 
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inlet  controlled  when  the  lower  flow  depths  are 
assumed  and  would  not  pass  the  design  discharge  with 
normal  depth  in  the  reach  upstream  of  the  culvert. 
The  increase  in  head  required  to  pass  the  design 
discharge  would  result  in  a  channel  flow  depth 
approximately  one-half  foot  greater  than  normal 
depth  in  the  reach  immediately  upstream  of  road 
crossing  two.  In  this  case,  the  effects  of  the  lower 
"n"  value  and  the  switch  to  inlet  control  at  the 
culvert  at  road  crossing  two  tend  to  cancel, 
Resulting  in  a  water  surface  close  to  the  design 
water  surface. 

(2)  Culvert  head  losses  greater  than  assumed.  To  gage 
the  impact  of  culvert  head  losses  being  greater  than 
the  design  values,  backwater  computations  were  done 
for  Case  3A  assuming  that  head  losses 
which  are  25%  greater  than  the  design  head  losses 
occur  at  each  culvert.  The  resulting  water  surface 
elevation  at  the  pump  station  was  computed  to  be  0.4 
feet  above  the  design  water  surface  elevation.  To 
obtain  the  design  capacity  through  the  connecting 
channel  would  therefore  require  pumping  to  Elevation 
1440.4  instead  of  the  design  elevation  of  1440.0. 

(3)  Manning's  "n"  value  higher  than  assumed.  The  water 
surface  profiles  for  all  cases  were  examined 
assuming  that  the  actual  channel  "n"  value  was  0.045 
instead  of  0.035.  The  result  was  an  increase  in  the 
computed  water  surface  elevation  throughout  the 
channel.  All  the  culverts  would  remain  at  outlet 
control  and  have  the  design  head  loss.  The  points 
of  concern  are  the  reduction  in  freeboard,  the 
increased  pumping  head  required  at  the  upstream  end 
of  the  channel  to  maintain  design  capacity,  and  a 
decrease  in  capacity  of  the  gravity  flow  cases.  The 
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maximum  reduction  in  freeboard  is  1.5  feet  in  Case3 
3C  and  5C.  This  is  also  the  maximum  increase  in 
pumping  head  required  to  maintain  the  design  channel 
capacity.  The  channel  capacity  of  all  the  gravity 
flow  cases  would  be  reduced  by  22  percent  with  the 
higher  "n"  value. 

(4)  Culvert  head  loss  lower  than  assumed.  All  of  the 
design  outlet  control  head  losses  at  the  culverts  in 
Case  3A  were  reduced  by  25  percent  to  assess  the 
effect  on  the  channel  design.  A  backwater  analysis 
demonstrated  that  there  would  be  a  net  decrease  in 
water  depth  at  the  upstream  end  of  the  channel  of 
0.2  feet.  This  is  equivalent  to  a  slight  increase 
in  the  channel  capacity.  The  decrease  in  water 
depth  at  the  upstream  end  of  the  channel  is  so  minor 
because  the  depth  reductions  at  the  downstream  end 
of  the  channel,  due  to  reduced  culvert  headloss,  is 
offset  when  culverts  further  upstream  revert  to 
inlet  control  due  to  low  tailwater  levels. 

(5)  Culvert  head  loss  lower  than  assumed  and 

decreased  "n"  value.  This  is  a  combination  of  cases 
(1)  and  (4)  discussed  in  the  above  text. 

Backwater  analysis  for  Case  3A  predicts  an 

approximate  decrease  in  the  depth  at  the  upstream 
end  of  the  channel  of  1.2  feet.  The  discussion 
presented  above  in  case  generally  (1)  applies  to 
this  case  also. 

In  addition  to  the  situations  described  above,  the 
effect  of  decreased  flow  depths  on  the  riprap 
protection  design  at  the  outlet  of  the  culverts  was 
examined.  The  design  criteria  for  riprap  sizing  is 
dependent  on  the  tailwater  depth  at  the  culvert 
outlets.  The  largest  of  flow  depth  reduction 
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discussed  above  would  result  in  a  maximum  drop  in 
tailwater  at  the  culverts  of  approximately  10 
percent  and  a  maximum  increase  in  culvert  exit 
velocity  of  approximately  11  percent.  This  would 
result  in  an  increase  in  required  riprap  3ize 
of  approximately  11  percent.  The  design  D^q  size 
of  six  inches  would  still  be  adequate  according  to 
the  WES  design  charts. 

The  preliminary  designs  described  in  this  section  do  not 
appear  to  be  overly  sensitive  to  reasonable  variations  which 
could  be  anticipated  in  the  design  assumptions.  Although 
the  effects  of  variations  in  the  assumptions  were  examined 
in  detail  for  Case  3A  only,  the  other  alternative  design 
cases  can  be  expected  to  react  similarly. 

4.  COST  ESTIMATES 

Cost  estimates  were  developed  for  the  connecting  channel  between 
East  Devils  Lake  and  West  Stump  Lake  described  in  the  previous 
sections.  Table  4-1  presents  the  estimated  capital  cost  for 
construction  of  the  13  cases  evaluated.  The  costs  do  not  include 
costs  for  easements  and  right-of-way  acquisition. 
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TABLE  4-1 

Connecting  Channel 
Construction  Cost  Estimates 


Case 

A 

(0=200  cfs) 

B 

(Q=600  cfs) 

C 

(Q=l , 000  cfs) 

1 

$5,360,000 

$8,400,000 

$11,200,000 

2G 

3,920,000 

2P 

5,390,000 

3 

4,540,000 

9,980,000 

14,500,000 

4L 

4,120,000 

4H 

4,090,000 

5 

4,890,000 

9,690,000 

13,400,000 

*  Cost  estimates  do  not  include  costs  for  easements  and  right-of-way 
acquisition. 

Tables  D-l  through  D-13  in  Appendix  D  present  a  cost  estimate 
summary  for  each  case,  itemized  by  costs  for  channel  excavation, 
road  crossing  culverts,  slide  gates,  drop  structures,  riprap,  road 
raises,  berms  and  culvert  backfill,  lateral  inflow  culverts  and  pump 
stations.  Also  included  in  the  cost  estimates  are  costs  for 
contingencies,  engineering  and  design,  and  supervision  and 
administration.  No  operating  or  maintenance  costs  are  included  in 
the  estimates. 

The  following  sections  describe  the  methods  and  assumptions  used  to 
derive  the  estimated  quantities  and  costs  for  the  items  in  the  cost 
estimates.  In  general,  unit  costs  were  provided  by  the  Corps. 
Where  these  were  unavailable,  estimates  were  made  from  other 
sources . 

4. 1  Channel  Excavation 

Channel  excavation  consists  of  excavating  the  inlet  channel, 
main  channel,  outlet  channel,  and  excavation  for  culvert 
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installation  at  the  road  crossings.  It  was  assumed  that  the 
soil  would  be  removed  from  the  channel  with  a  dragline  and 
spoiled  with  a  minimum  twenty-foot  setback  from  the  channel 
on  both  sides  of  the  channel  except  in  wetlands.  Where  the 
channel  excavation  encroaches  into  wetlands  berms  would  be 
built  with  select  spoil  on  the  wetland  side  of  the  channel 
and  all  other  spoil  would  be  placed  on  the  opposite  side  of 
the  channel. 

The  volume  of  channel  excavation  was  computed  using  the 
average  end  area  method.  Ground  surface  elevations  were 
taken  from  the  one-inch  equals  400  feet  topographic  map 
supplied  by  the  Corps.  Cross  sections  for  the  computations 
were  located  a  maximum  of  400  feet  apart  along  the  channel 
centerline . 

The  unit  cost  assumed  for  channel  excavation  was  $0.85  per 
cubic  yard,  as  supplied  by  the  Corps. 

4.2  Culverts 

Culverts  consist  of  concrete  box  culverts  and  precast 
reinforced  concrete  circular  pipe  (RCP)  placed  at  the  road 
crossings.  Stoplog  slots  and  stoplogs  for  the  box  culverts 
and  gates  for  the  RCP  were  considered  to  be  incidental  items 
included  in  the  cost  for  the  pipe. 

Costs  for  the  box  culverts  were  computed  based  on  a  unit 
price  per  cubic  yard  of  concrete.  For  estimating  purposes, 
the  assumed  wall  thicknesses  for  the  box  culverts  were  as 
follows:  5'x5'  boxes  and  smaller  -  eight  inches,  6'x6’  and 

6-1/2 ’ x6-l il '  boxes  -  ten  inches,  7'x7’  through  10'by  10' 
twelve  inches,  and  boxes  larger  than  10'  x  10'  -  sixteen 

inches.  Cost  for  the  RCP  was  based  on  a  unit  price  per 
lineal  foot  of  pipe. 
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The  assumed  unit  price  for  the  box  culverts  was  $300  per 
cubic  yard  of  concrete,  as  supplied  by  the  Corps.  The  unit 
price  assumed  for  the  RCP  was  $50  per  lineal  foot  based  on 
available  data.  The  unit  prices  were  assumed  to  include  all 
labor  and  materials  for  construction  and  installation  of  the 
culverts . 

4.3  Slide  Gates 

The  slide  gates  were  assumed  to  be  manually  operated  steel 
gates.  Approximate  costs  for  the  gates  were  obtained  from  a 
major  gate  manufacturer's  Minnesota  office. 

4.4  Drop  Structures 

The  drop  structure  designs  were  based  on  the  standard  SCS 
drop  structure  presented  in  the  SCS  National  Engineering 
Handbook,  Section  11.  The  SCS  publication  also  supplies  the 
estimated  volume  of  concrete  required  for  the  construction 
of  the  drop  structures.  The  cost  of  the  drop  structures  was 
computed  based  on  the  estimated  concrete  volume  at  a  unit 
price  of  $300  per  cubic  yard.  The  price  is  assumed  to 
include  all  materials  (concrete,  steel,  formwork)  and  labor 
to  construct  the  drop  structures. 

4. 5  Riprap 

The  estimated  riprap  quantity  includes  riprap  to  be  placed 
at  the  outlet  of  all  the  road  crossing  culverts.  Riprap 
placed  along  the  road  embankments  adjacent  to  the  inundated 
areas  for  Cases  4L,  4H,  5A,  5B  and  5C  is  included  under  road 
raise  costs.  The  volume  of  riprap  at  the  culverts  was 
computed  based  on  the  area  to  be  covered  by  the  riprap 
blankets  and  the  riprapped  preformed  scour  holes  and 
assuming  a  one-foot  riprap  thickness.  The  unit  cost  for 
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riprap  of  $40  per  cubic  yard  as  supplied  by  the  Corps  was 
assumed  to  include  any  filter  bedding  required  beneath  the 
riprap. 

4.6  Road  Raises 


Road  raises  were  divided  into  three  major  cost  items; 
embankment  fill  consisting  of  soils  placed  and  compacted  to 
raise  the  road  surface  and  side  slopes,  surface  aggregate 
and  riprap  placed  on  the  road  embankments. 

The  volume  of  embankment  fill  was  estimated  using  average 
and  area  computations.  Both  the  existing  road  and  the 
raised  road  were  assumed  to  have  four  horizontal  to  one 
vertical  side  slopes  and  a  thirty-two  foot  wide  surface. 
The  volume  of  surface  aggregate  was  computed  assuming  a 
four-inch  thickness  across  the  entire  thirty-two  foot  wide 
road  surface  (see  Plate  10). 

The  unit  cost  for  road  embankment  fill  was  estimated  to  be 
$2.50  per  cubic  yard  and  the  unit  cost  for  surface  aggregate 
was  estimated  to  be  $15  per  cubic  yard.  Both  estimates  were 
supplied  by  the  Corps. 

The  volume  of  riprap  on  the  road  embankments  was  computed 
based  on  the  area  covered  assuming  riprap  placement  from 
three  feet  below  to  three  feet  above  the  normal  design  water 
surface  (vertically)  and  a  one-foot  riprap  thickness  (see 
Plate  10).  The  unit  cost  for  riprap  of  $40  per  cubic  yard 
as  supplied  by  the  Corps,  was-  assumed. 

4.7  Berms  and  Culvert  Backfill 


Costs  for  the  berms  adjacent  to  the  drop  structures  and  near 
Station  40+00  of  the  channel  and  for  culvert  backfill  at  the 
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road  crossings  were  computed  based  on  average  end  area 
volume  computations  and  the  $2.50  per  cubic  yard  unit  cost 
for  embankment  fill. 


4.8  Lateral  Inflow  Culverts 

The  cost  for  each  lateral  inflow  culvert  was  based  on  the 
assumption  that  100  feet  of  36-inch  RCP  would  be  required  at 
$50  per  foot.  The  $5,000  for  the  RCP  was  added  to  the 
assumed  cost  of  $3,000  for  the  drop  manhole  inlet,  resulting 
in  a  total  estimated  cost  of  $8,000  for  one  lateral  inflow 
culvert . 

4. 9  Pump  Stations 

Pump  station  costs  were  supplied  by  the  Corps  for  three 
pumping  capacities.  The  estimated  cost3  for  200,  600,  and 
1,000  cfs  capacities  are  $1.61  million,  $4.45  million,  and 
$6.60  million,  respectively. 

4. 10  Contingencies,  Engineering  and  Design  and  Supervision  and 
Administration 

Contingencies,  engineering  and  design  costs,  and  supervision 
and  administration  costs  were  included  as  twenty  percent, 
ten  percent,  and  eight  percent  respectively  of  the  total  of 
the  costs  of  the  specific  construction  items  identified  in 
subsections  4.1  to  4.8  above.  These  percentages  were 
provided  by  the  Corps. 

5.0  OPERATION 

The  connecting  channel  between  East  Devils  Lake  and  West  Stump  Lake 
will  be  used  intermittently  to  discharge  water  from  the  Devils  Lake 
chain  of  lakes  as  necessary  to  achieve  desired  water  levels.  The 
preliminary  designs  for  the  connecting  channel  presented  in  this 
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report  could  be  operated  in  a  variety  of  ways.  This  section 
discusses  in  general  terms  a  potential  operating  scheme  for  the 
channel  designs.  The  operating  scheme  presented  provides  for  ease 
of  operation  and  for  minimization  of  impact  on  the  wetlands  adjacent 
to  the  connecting  channel. 

5. 1  Non-Operational  Periods 

The  channel  alignment  passes  through  an  area  containing 
natural  wetlands.  All  of  the  cases  would  have  at  least 
portions  of  the  channel  excavated  adjacent  to  the  wetlands. 
Those  reaches  of  the  channels,  if  allowed  to  drain  during 
periods  when  no  water  is  being  discharged  from  Devils  Lake, 
would  possibly  over  time  dewater  the  wetlands  by  the 
mechanism  of  groundwater  drawdown.  To  minimize  impact  to 
the  adjacent  wetlands,  it  is  advantageous  to  maintain  a 
water  level  in  the  channel  during  non-operational  periods 
which  is  near  the  natural  surface  water  levels  in  the 
adjacent  wetlands.  To  prevent  intermixing  of  lake  waters 
used  to  fill  the  channel  with  the  waters  in  the  natural 
wetlands,  the  existing  wetlands  would  be  separated  from  the 
channel  by  berms.  These  berms  are  discussed  in  Section  5.3. 
The  upper  reaches  of  Cases  4L,  4H,  5A,  5B  and  5C  inundate 
currently  farmed  areas  during  operation.  Inundation  of 
these  areas  would  be  maintained  at  the  same  levels  during 
non-operational  periods,  thereby  permanently  expanding 
wetland  habitat.  These  new  wetlands  would  be  allowed  to  mix 
with  water  pumped  from  Devils  Lake. 

One  method  to  maintain  the  channel  full  of  water  would  be 
to  place  stoplogs  at  the  entrances  (and  under  some 
circumstances  the  exits)  of  the  road  crossing  culverts.  The 
channel  reaches  could  then  be  pumped  full  of  water  from 
Devils  Lake  or  Stump  Lake  or  allowed  to  fill  naturally  from 
surface  runoff  and  groundwater  inflow.  The  preliminary 
designs  previously  presented  for  the  road  crossing  culverts 
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include  stoplog  3lots.  Access  to  place  the  logs  could  be 
provided  down  the  4  horizontal  to  1  vertical  side  slopes  of 
the  culvert  backfill.  The  impact  of  leakage  through  the 
stoplogs  and/or  methods  to  reduce  leakage  are  beyond  the 
scope  of  this  report. 


Slide  gates  at  the  upstream  end  of  the  culverts 
crossing  seven  would  provide  the  means  for 
discharge  through  the  connecting  channel  for  Cases 
1C  and  2G.  Ceasing  of  pumping  at  the  pump 
immediately  upstream  of  road  crossing  seven  is  all 
required  to  shut  down  the  connecting  channel  for 
cases . 


at  road 
stopping 
1A,  IB, 
station 
that  is 
the  other 


5.2  Start-Up 

Start-up  of  discharges  through  the  channel,  assuming  it  is 
maintained  full  as  described  above,  is  complicated  by  the 
difficulties  of  removing  the  submerged  stoplogs.  One 
possible  solution  would  be  to  provide  gates  on  the  culvert 
entrances  that  could  be  operated  from  the  road  surface.  The 
large  gates  and  apparatus  which  would  be  required  makes  this 
solution  prohibitively  expensive. 

An  alternate,  less  expensive,  solution  was  incorporated  into 
the  preliminary  design  for  the  road  crossing  culverts.  A 
36-inch  reinforced  concrete  pipe  was  placed  parallel  to  the 
larger  box  culverts  under  the  roads.  A  flap  gate  or  valve 
operational  from  the  road  could  be  placed  on  the  36-inch 
line  much  more  cheaply  than  on  the  box  culverts.  Prior  to 
start-up  of  channel  operation,  the  36-inch  pipes  would  be 
opened  and  the  channel  would  be  drained  sufficiently  to 
allow  access  to  the  box  culvert  stoplog: .  The  addition  of 
the  thirty-six  inch  culvert  also  provides  potential  for  some 
additional  capacity  during  operation  of  the  channel. 
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For  Che  completely  gravity  flow  cases  (1A,  IB,  1C  and  2G), 
the  slide  gates  at  the  upstream  end  of  the  connecting 
channel  would  be  opened  at  a  controlled  rate  to  prevent 
excessive  channel  velocities  during  start-up.  Pumping  rates 
would  be  increased  gradually  at  start  up  for  the  other  cases 
to  prevent  excessive  channel  velocities. 

5.3  Operational  Periods 

During  operational  periods,  the  design  water  surface  in  the 
channel  is  below  the  natural  wetlands  water  level,  creating 
the  potential  to  dewater  the  adjacent  wetlands.  To  prevent 
uncontrolled  local  surface  inflow  from  the  wetlands  during 
channel  operation,  berms  constructed  of  select  spoil 
material  excavated  from  the  channel  would  be  placed  between 
the  channel  and  the  wetlands.  Select  spoil  would  consist  of 
portions  of  the  material  excavated  from  the  channel  which 
are  low  in  organic  content  and  are  most  suitable  for  berm 
construction.  The  berms  are  shown  on  the  location  maps  in 
Appendix  A  and  the  appropriate  cross  sections  in  Appendix  C. 

Nothing  is  proposed  here  to  limit  the  flow  of  groundwater 
seepage  from  the  wetlands  into  the  channel  during  channel 
operation.  The  cases  with  the  lower  design  operating  water 
surface  elevations  in  relation  to  the  adjacent  wetland  water 
surface  elevations  would  have  the  greatest  amount  of 
groundwater  seepage  because  of  the  steeper  groundwater 
gradient.  Dewatering  of  the  wetlands  caused  by  groundwater 
seepage  into  the  channel  could  have  detrimental  impacts  on 
the  adjacent  wetlands,  particularly  during  periods  of 
prolonged  channel  operation. 

Cases  4H,  4L,  5A,  5B,  and  5C  would  result  in  inundation  of 
lowland  areas  surrounding  the  channel  alignment  at  the 
upstream  end  of  the  channel  during  channel  operations.  The 
inundated  areas  are  indicated  on  the  location  maps  in 
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Appendix  A.  The  inundation  of  these  lowland  areas  would 
expand  wetland  habitat.  It  is  proposed  to  maintain  the 
inundated  areas  at  the  same  water  level  even  during 
non-operational  periods  of  the  connecting  channel. 


DEVLAK/333,0 


43 


REFERENCES 


Anderson,  A.G.,  et  al.,  "Tentative  Design  Procedure  for  Riprap  Lined 
Channels",  NCHRP. 

"Devils  Lake  Study  Design  and  Cost  Input  for  Outlet  Alternatives",  Corps 
of  Engineers,  NCSED-D,  6  Jun  1985. 

"Drainage  Manual",  State  of  Minnesota  Department  of  Highways  (Highway 
Department  Manual,  No.  5-294). 

EM1110-1-1601,  "Hydraulic  Design  of  Flood  Control  Channels'-,  U.S.  Army 
Corps  of  Engineers,  July,  1970. 

ETL1 110-2-120,  "Addition  Guidance  for  Riprap  Channel  Protection", 

Department  of  the  Army,  Office  of  the  Chief  of  Engineers,  May, 
1971. 

"Hydraulic  Design  Criteria",  U.S.  Army  Engineer  Waterways  Experimental 
Station,  Vicksburg,  Mississippi  (Volumes  1  and  2,  January,  1977). 

"Hydraulic  Charts  for  the  Selection  of  Highway  Culverts,  Hydraulic 
Engineering  Circular  No.  5,"  Office  of  Engineering,  Federal  Highway 
Administration,  December,  1965. 

"National  Engineering  Handbook",  Section  II,  Soil  Conservation  Service. 

"Open  Channel  Flow",  by  F.M.  Henderson,  1966. 

Reconnaissance  Report,  Devils  Lake  Basin,  N.D.,  November,  1984. 

"Soil  and  Water  Conservation  Engineering",  by  Glenn  0.  Schwab,  Richard  F. 

Frevert,  Talcott  W.  Edmister  and  Kenneth  K.  Barnes  (2nd  edition, 
1966). 

"Working  Papers  on  Screening  of  Outlet  Alternatives  from  Devils  Lake  to 
the  Sheyenne  River,  N.D.",  Draft,  U.S.  Army  Corps  of  Engineers,  St. 
Paul  District,  November,  1985. 


DEVLAK/333, 0 


44 


PLATES 


i 


\ 

I 


! 


T 


PLATE  I 

CHANNEL  ALIGNMENT 


I 


management  area 


PLATE  2 

CHANNEL  ALIGNMENT 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO 
WEST  STUMP  LAKE 
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CONNECTING  CHAMNtL 
EAST  DEVILS  LAKE  TO 
WEST  STUMP  LAKE 
CASE  SA,  B,  t  C 
CROSS  SECTION  STA  SSWoo 
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CONN  ECT  I  NO  OH  AN  Nb.  1 — 
EAST  DEVILS  LAKE  TO 
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CASE  VH,L 
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CONN  EXT  I N G  CHANNEL 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO 
WEST  STUMP  LAKE 
CASE  VAL 

CROSS  SECTION  STA  H8S ♦« 


rr 


;-rri  i  rrnrTTnTTTTTi^rTTTi'TTTiTTTi^^rT 


CONNECTING  CHANNEL- 
EAST  DEVILS  LAKE  TO 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TC 
WEST  STUMP  LAKE 
CASS  5  A,  a,  t  c. 

CROSS  SECTION  STA  210*01 


CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO 
WEST  STUMP  LAKE 
CASL  5"  A,  B,  t  C 

CROSS  SECTION  STA  SVS+OO 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO 
WEST  STUMP  LAKE 
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CONNECTING  CHANNEL 
EAST  DEVILS  LAKE  TO 
WEST  STUMP  LAKE 
CASE  5  A,  0,  {  c. 

CROSS  SECTION  STA  YM*+00 
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APPENDIX  D 

COST  ESTIMATES 


TABLE  D-l 

COST  ESTIMATE  -  CASE  1A 


Item 

Estimated 

Quantity 

Unit 

Estimated 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

3,340,000 

CY 

$  0.35 

$2,839,000 

CULVERTS 

Cast-in-place 

1,663 

CY 

300.00 

499,000 

Precasc  RCP 

1,644 

LF 

50.00 

82,200 

SLIDE  GATES 

1 

LS 

40,000 

40,000 

DROP  STRUCTURES 

2 

Ea . 

13,200 

26,400 

CULVERT  RIPRAP 

280 

CY 

40.00 

11,200 

ROAD  RAISES 

Embankment  Fill 

1,000 

CY 

2.50 

2,500 

Surface  Aggregate 

460 

CY 

15.00 

6,900 

BERMS  AND  CULVERT 
BACKFILL 

72,700 

CY 

2.50 

182,000 

LATERAL  INFLOW 
CULVERTS 

24 

Ea . 

8000.00 

192,000 

SUBTOTAL 

$3,881,000 

CONTINGENCIES  (20%) 

776,000 

ENGINEERING  &  DESIGN 

(10%) 

388,000 

SUPERVISION  &  ADMINISTRATION  (8%) 

310,000 

TOTAL 

$5,355,000 

D1333, 0 


TABLE  D-2 

COST  ESTIMATE  -  CASE  IB 
Estimated  Estimated 


Item 

Quantity 

Unit 

CHANNEL  EXCAVATION 

4,719,000 

CY 

CULVERTS 

Cast-in-place 

4,430 

CY 

Precast  RCP 

1,906 

LF 

SLIDE  GATES 

1 

LS 

DROP  STRUCTURES 

2 

Ea. 

CULVERT  RIPRAP 

630 

CY 

ROAD  RAISES 

Embankment  Fill 

1,000 

CY 

Surface  Aggregate 

530 

CY 

BERMS  AND  CULVERT 
BACKFILL 

113,000 

CY 

LATERAL  INFLOW 
CULVERTS 

24 

Ea. 

SUBTOTAL 

CONTINGENCIES  (20%) 

ENGINEERING  &  DESIGN  (10%) 

SUPERVISION  &  ADMINISTRATION  (8%) 
TOTAL 

D2333.0 


Unit  Price 

Amount 

$  0.85 

$4,011,000 

300.00 

1,329,000 

50.00 

95,300 

102,000 

102,000 

19,200 

38,400 

40.00 

25,200 

2.50 

2,500 

15.00 

8,000 

2.50 

283,000 

8000.00 

192,000 

$6,087,000 

1,217,000 

609,000 

487,000 

$8,400,000 

TABLE  D-3 

COST  ESTIMATE  -  CASE  1C 


Item 

Estimated 

Quantity 

Unit 

Estimated 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

5,696,000 

CY 

$  0.85 

$4,842,000 

CULVERTS 

Cast-in-place 

7,973 

CY 

300.00 

2,392,000 

Precasc  RCP 

2,069 

LF 

50.00 

103,000 

SLIDE  GATES 

1 

LS 

137,000 

137,000 

DROP  STRUCTURES 

2 

Ea. 

23,100 

46,200 

CULVERT  RIPRAP 

952 

CY 

40.00 

38,100 

ROAD  RAISES 

Embankment  Fill 

1,000 

CY 

2.50 

2,500 

Surface  Aggregate 

580 

CY 

15.00 

8,700 

BERMS  AND  CULVERT 
BACKFILL 

138,000 

CY 

2.50 

345,000 

LATERAL  INFLOW 
CULVERTS 

24 

Ea . 

8000.00 

192,000 

SUBTOTAL 

$8,107,000 

CONTINGENCIES  (20%) 

1, 621,000 

ENGINEERING  &  DESIGN 

(10%) 

811,000 

SUPERVISION  &  ADMINISTRATION  (82) 

TOTAL 

649,000 

$11,188,000 

03333,0 


TABLE  D-4 

COST  ESTIMATE  -  CASE  2G 


Item 

Estimated 

Quantity 

Unit 

Estimated 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

2,287,000 

CY 

$  0.85 

$1,944,000 

CULVERTS 

Cast-in-place 

1,410 

CY 

300.00 

423,000 

Precast  RCP 

1,417 

LF 

50.00 

70,900 

SLIDE  GATES 

1 

LS 

40,000 

40,000 

DROP  STRUCTURES 

2 

Ea. 

13,200 

26,400 

CULVERT  RIPRAP 

280 

CY 

40.00 

11,200 

ROAD  RAISES 

Embankment  Fill 

1,000 

CY 

2.50 

2,500 

Surface  Aggregate 

380 

CY 

15.00 

5,700 

BERMS  AND  CULVERT 
BACKFILL 

49,900 

CY 

2.50 

125,000 

LATERAL  INFLOW 
CULVERTS 

24 

Ea . 

8000.00 

192,000 

SUBTOTAL 

$2,841,000 

CONTINGENCIES  (20%) 

568,000 

ENGINEERING  &  DESIGN 

(10%) 

284,000 

SUPERVISION  &  ADMINISTRATION  (8%) 

227,000 

TOTAL 

$3,920,000 

D4333 , 0 


TABLE  D-5 

COST  ESTIMATE  -  CASE  2P 
Estimated  Estimated 


Item 

Quantity 

Unit 

CHANNEL  EXCAVATION 

2,222,000 

CY 

CULVERTS 

Cast-in-place 

1,193 

CY 

Precast  RCP 

1,199 

LF 

DROP  STRUCTURES 

2 

Ea . 

CULVERT  RIPRAP 

240 

CY 

ROAD  RAISES 

Embankment  Fill 

1,000 

CY 

Surface  Aggregate 

380 

CY 

BERMS  AND  CULVERT 
BACKFILL 

45,000 

CY 

LATERAL  INFLOW 
CULVERTS 

24 

Ea . 

PUMP  STATION 

1 

LS 

SUBTOTAL 

CONTINGENCIES  (20%) 

ENGINEERING  &  DESIGN  (10%) 

SUPERVISION  &  ADMINISTRATION  (8%) 
TOTAL 

D5333, 0 


Unit  Price 

Amount 

$  0.85 

$1,889,000 

300.00 

358,000 

50.00 

60,000 

13,200 

26,400 

40.00 

9,600 

2.50 

2,500 

15.00 

5,700 

2.50 

113,000 

8000.00 

192,000 

1,610,000 

$4,266,000 

853,000 

427,000 

341,000 

$5,887,000 

TABLE  D-6 

COST  ESTIMATE  -  CASE  3A 


Item 

Estimated 

Quantity 

Unit 

Estimated 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

1,230,000 

CY 

$  0.85 

$1,046,000 

CULVERTS 

Cast-in-place 

787 

CY 

300.00 

236,000 

Precast  RCP 

1,011 

LF 

50.00 

50,600 

DROP  STRUCTURES 

2 

Ea. 

13,200 

26,400 

CULVERT  RIPRAP 

365 

CY 

40.00 

14,600 

ROAD  RAISES 

Embankment  Fill 

8,800 

CY 

2.50 

22,000 

Surface  Aggregate 

1,000 

CY 

15.00 

15,000 

BERMS  AND  CULVERT 
BACKFILL 

31,900 

CY 

2.50 

79,800 

LATERAL  INFLOW 
CULVERTS 

24 

Ea. 

8000.00 

192,000 

PUMP  STATION 

1 

LS 

1,610,000 

SUBTOTAL 

$3,292,000 

CONTINGENCIES  (20%) 

658,000 

ENGINEERING  &  DESIGN 

(10%) 

329,000 

SUPERVISION  &  ADMINISTRATION  (8%) 

263,000 

TOTAL 

$4,542,000 

i 


i 


D6333,0 


TABLE  D-7 

COST  ESTIMATE  -  CASE  3B 


Item 

Estimated 

Quantity 

Unit 

CHANNEL  EXCAVATION 

1,966,000 

CY 

CULVERTS 

Cast-in-place 

2,037 

CY 

Precast  RCP 

1,202 

LF 

DROP  STRUCTURES 

2 

Ea. 

CULVERT  RIPRAP 

898 

CY 

ROAD  RAISES 

Embankment  Fill 

8,800 

CY 

Surface  Aggregate 

1,100 

CY 

BERMS  AND  CULVERT 
BACKFILL 

43,600 

CY 

LATERAL  INFLOW 
CULVERTS 

24 

Ea. 

PUMP  STATION 

1 

LS 

SUBTOTAL 

CONTINGENCIES  (20%) 

ENGINEERING  &  DESIGN  (10%) 

SUPERVISION  &  ADMINISTRATION  (8%) 
TOTAL 

07333,0 


Estimated 

Unit  Price 

Amount 

$  0.85 

$1,697,000 

300.00 

611,000 

50.00 

60,100 

19,200 

38,400 

40.00 

35,900 

2.50 

22,000 

15.00 

16,500 

2.50 

109,000 

8000.00 

192,000 

4,450,000 

$7,232,000 

1,446,000 

723,000 

579,000 

$9,980,000 

TABLE  D-8 

COST  ESTIMATE  -  CASE  3C 


Item 

Estimated 

Quantity 

Unit 

Estimated 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

2,613,000 

CY 

$  0.85 

$2,221,000 

CULVERTS 

Cast-in-place 

3,650 

CY 

300.00 

1,095,000 

Precast  RCP 

1,321 

LF 

50.00 

66,100 

DROP  STRUCTURES 

2 

Ea . 

23,100 

46,200 

CULVERT  RIPRAP 

2,189 

CY 

40.00 

87,600 

ROAD  RAISES 

Embankment  Fill 

8,800 

CY 

2.50 

22,000 

Surface  Aggregate 

1,100 

CY 

15.00 

16,500 

BERMS  AND  CULVERT 
BACKFILL 

53,900 

CY 

2.50 

135,000 

LATERAL  INFLOW 
CULVERTS 

24 

Ea. 

8000.00 

192,000 

PUMP  STATION 

SUBTOTAL 

1 

LS 

6,600,000 

$10,481,000 

CONTINGENCIES  (20%) 

2,096,000 

ENGINEERING  DESIGN 

(10%) 

1,048,000 

SUPERVISION  &  ADMINISTRATION  (8%) 

TOTAL 

838,000 

$14,463,000 

D8333, 0 


TABLE  D-9 

COST  ESTIMATE  -  CASE  4L 


Item 

Estimated 

Quantity 

Unit 

CHANNEL  EXCAVATION 

792,000 

CY 

CULVERTS 

Cast-in-place 

517 

CY 

Precast  RCP 

914 

LF 

DROP  STRUCTURES 

2 

Ea. 

CULVERT  RIPRAP 

540 

CY 

ROAD  RAISES 

Embankment  Fill 

11,200 

CY 

Surface  Aggregate 

1,500 

CY 

Riprap 

4,050 

CY 

BERMS  AND  CULVERT 
BACKFILL 

26,500 

CY 

LATERAL  INFLOW 
CULVERTS 

22 

Ea . 

PUMP  STATION 

1 

LS 

SUBTOTAL 

CONTINGENCIES  (20%) 

ENGINEERING  &  DESIGN 

(10%) 

SUPERVISION  &  ADMINISTRATION  (8%) 

TOTAL 

Estimated 


Unit  Price 

Amount 

$  0.85 

$  673,000 

300.00 

155,000 

50.00 

45,700 

13,200 

26,400 

40.00 

21,600 

2.50 

28,000 

15.00 

22,500 

40.00 

162,000 

2.50 

66,300 

8000.00 

176,000 

1,610,000 

$2,987,000 

597,000 

299,000 

239,000 

$4, 122,000 

09333,0 


TABLE  D-1Q 

COST  ESTIMATE  -  CASE  4H 


Estimated  Estimated 


Item 

Quantity 

Unit 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

761,000 

CY 

$  0.85 

$ 

647,000 

CULVERTS 

Cast-in-place 

517 

CY 

300.00 

155,000 

Precast  RCP 

914 

LF 

50.00 

45,700 

DROP  STRUCTURES 

2 

Ea . 

13,200 

26,400 

CULVERT  RIPRAP 

540 

CY 

40.00 

21,600 

ROAD  RAISES 

Embankment  Fill 

11,200 

CY 

2.50 

28,000 

Surface  Aggregate 

1,500 

CY 

15.00 

22,500 

Riprap 

4,050 

CY 

40.00 

162,000 

BERMS  AND  CULVERT 
BACKFILL 

26,500 

CY 

2.50 

66,300 

LATERAL  INFLOW 
CULVERTS 

22 

Ea . 

8000.00 

176,000 

PUMP  STATION 

1 

LS 

_1 

,610,000 

SUBTOTAL 

$2 

,961,000 

CONTINGENCIES  (20%) 

592,000 

ENGINEERING  &  DESIGN 

(10%) 

296,000 

SUPERVISION  &  ADMINISTRATION  (8%) 

237,000 

TOTAL 

$4,086,000 

Dl0333,0 


TABLE  D-ll 

COST  ESTIMATE  -  CASE  5A 


Item 

Estimated 

Quantity 

Unit 

Estimated 

Unit  Price 

Amount 

CHANNEL  EXCAVATION 

363,000 

CY 

$  0.85 

$  309,000 

CULVERTS 

Cast-in-place 

517 

CY 

300.00 

155,000 

Precast  RCP 

851 

LF 

50.00 

42,600 

DROP  STRUCTURES 

2 

£a. 

13,200 

26,400 

CULVERT  RIPRAP 

330 

CY 

40.00 

13,200 

ROAD  RAISES 

Embankment  Fill 

236,000 

CY 

2.50 

590,000 

Surface  Aggregate 

8,500 

CY 

15.00 

128,000 

Riprap 

13,900 

CY 

40.00 

556,000 

BERMS  AND  CULVERT 
BACKFILL 

20,800 

CY 

2.50 

52,000 

LATERAL  INFLOW 
CULVERTS 

8 

Ea . 

8000.00 

64,000 

PUMP  STATION 

1 

LS 

1,6 10,000 

SUBTOTAL 

$3,546,000 

CONTINGENCIES  (207.) 

709,000 

ENGINEERING  &  DESIGN 

(10%) 

355,000 

SUPERVISION  &  ADMINISTRATION  (87.) 

284.000 

TOTAL 

$4,894,000 

Di 1333, 0 


TABLE  D-12 

COST  ESTIMATE  -  CASE  5B 


Item 

Estimated 

Quantity 

Unit 

CHANNEL  EXCAVATION 

678,000 

CY 

CULVERTS 

Cast-in-place 

1,530 

CY 

Precast  RCP 

963 

LF 

DROP  STRUCTURES 

2 

Ea. 

CULVERT  RIPRAP 

1,275 

CY 

ROAD  RAISES 

Embankment  Fill 

236,000 

CY 

Surface  Aggregate 

8,500 

CY 

Riprap 

13,900 

CY 

BERMS  AND  CULVERT 
BACKFILL 

24,200 

CY 

LATERAL  INFLOW 
CULVERTS 

8 

Ea. 

PUMP  STATION 

1 

LS 

SUBTOTAL 

CONTINGENCIES  (20%) 

ENGINEERING  &  DESIGN 

(10%) 

SUPERVISION  &  ADMINISTRATION  (8%) 

TOTAL 

Estimated 

Unit  Price 

Amount 

$  0.85 

$  576,000 

300.00 

459,000 

50.00 

48,200 

19,200 

38,400 

40.00 

51,000 

2.50 

590,000 

15.00 

128,000 

40.00 

556,000 

2.50 

60,500 

8000.00 

64,000 

4,450,000 

$7,021,000 

1,404,000 

702,000 

562,000 

$9,689,000 

D12333, 0 


TABLE  D-13 

COST  ESTIMATE  -  CASE  5C 


Estimated 


Item 

Quantity 

Unit 

CHANNEL  EXCAVATION 

1,032,000 

CY 

CULVERTS 

Cast-in-place 

2,217 

CY 

Precast  RCP 

1,031 

LF 

DROP  STRUCTURES 

2 

Ea . 

CULVERT  RIPRAP 

1,750 

CY 

ROAD  RAISES 

Embankment  Fill 

236,000 

CY 

Surface  Aggregate 

8,500 

CY 

Riprap 

13,900 

CY 

BERMS  AND  CULVERT 
BACKFILL 

2b, 700 

CY 

LATERAL  INFLOW 
CULVERTS 

8 

Ea. 

PUMP  STATION 

1 

LS 

SUBTOTAL 

CONTINGENCIES  (202) 

ENGINEERING  &  DESIGN 

( 102) 

SUPERVISION  &  ADMINISTRATION  (82) 

TOTAL 

Estimated 


Unit  Price 

Amount 

$  0.85 

$  877,000 

300.00 

665,000 

50.00 

51,600 

23,100 

46,200 

40.00 

70,000 

2.50 

590,000 

1 5.00 

128,000 

40.00 

556,000 

2.50 

66,800 

8000.00 

64,000 

6,600,000 

$9,715,000 

1,943,000 

972,000 

777,000 

$13,407,000 

013333,0 


